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Abstract 
Twenty-three non-methane hydrocarbons were captured from the exhaust of a car operating on unleaded 
petrol (ULP) and 10% ethanol fuels at steady speed on a chassis dynamometer. The compounds were 
identified and quantified by GC/MS/FID and their emission concentrations at 60 km/h, 80km/h and idle speed 
were evaluated. The most abundant compounds in the exhaust included n-hexane, n-heptane, benzene, 
toluene, ethyl benzene, m- and p-xylenes, and methylcyclopentane. Because of the large number of 
compounds involved, no attempt was made to compare the emission concentrations of the compounds. 
Rather the sum of the emission concentrations for the suite of compounds identified was compared when the 
car was powered by ULP and 10% ethanol fuel. It was evident from the results that the emission 
concentrations and factors were generally higher with ULP than with 10% ethanol fuel. The total emission 
concentrations with the ULP fuel were 2.8, 4.2 and 2.6 times the corresponding values for the 10% ethanol 
fuel at 60km/h, 80km/h and idle speed, respectively.  The implications of the results on the environment are 
discussed in the paper. 
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1. Introduction 
It is well known than motor vehicle emissions (Lim 
et al, 2006, 2007) are the largest contributors of air 
pollutants in the urban environment. Consequently, 
there is an upsurge of interest in traffic 
management and public mass transportation 
systems, emission reduction technologies, as well 
as “environmental friendly” and “cleaner” fuels 
(Calvert et al., 1993). Of these, the use of ‘cleaner’ 
fuel formulation appears to receive the most 
attention (see e.g. Lim et al, 2005, 2006, 2007). 
Biodiesel formulations, Compressed Natural Gas 
(CNG), Liquefied Petroleum Gas (LPG), and ultra 
low sulphur diesels to name a few, have been 
investigated wide world.  
 
Interest in the current study is also driven by the 
fact that some organic compounds present in the 
exhaust emissions of motor vehicle have been 
shown to have adverse health effects and high 
ozone formation potential. For example, at high 
concentrations, benzene can induce acute myeloid 
leukaemia (Dor et al, 1999). Similarly, toluene is 
neurotoxic (Liu et al, 1997).  
 
However, there is limited information on the direct 
comparison of the emissions of non methane 
volatile organic compounds, from small passenger 
vehicles fuelled by unleaded petroleum and 
unleaded petroleum plus 10% ethanol addition in 
Australia. The present study, which was 
undertaken in 2001, was part of a larger study 
presented as a report by Morawska et al (2002). It 
aimed to (i) address the gap in the knowledge 
emissions from cars fuelled by ethanol blended 
petrol, (ii) gain an understanding of potential health 
and environmental impacts of the use of 10% 
ethanol fuel relative to unleaded petrol. (iii) identify 
the main volatile compounds in the exhaust 
emissions of 10% ethanol fuelled engines that may 
be  contributing to the levels of ambient VOCs. It 
was also hoped that the outcome would enhance 
scientific information that could lead to strategies 
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for reducing VOCs levels and exposure of the 
population to VOCs. The Department of 
Environment, Water, Heritage and the Arts 
(DEWHA) and Orbital/Commonwealth Scientific 
and Industrial Research Organisation (CSIRO) 
reported a comprehensive study on emissions from 
ethanol blended, which included the evaluation of 
the (a) evaporative emissions from cars powered 
5% and 10%  ethanol blended ULP, (b) formation 
of secondary aerosols, (c) exhaust emissions, (d) 
impacts of ethanol blended fuels on photochemical 
smog and (d) health impacts of the ethanol blends 
(DEWHA/CSIRO, 2008). Where possible, the 
present results are compared with those reported 
in DEWHA/CSIRO 2008. 
2. Experimental methods  
2.1. Measurement procedure 
 
The measurements were carried out on a chassis 
dynamometer in Brisbane, Australia in 2001. 
Measurements were performed for each of three 
steady-state operating modes, 2, 3, 5, as defined 
by speeds 60, 80, and 0 km/h respectively.  The 
vehicle was a Ford Fairmont 4.0 litre, 6 cylinder 
sedan with an initial odometer reading of 11,120 
km. It was first filled with unleaded petrol and taken 
through the test cycle twice. In each experiment, 
the engine was first allowed to run at the required 
speed for a few minutes until steady state 
conditions were attained.  The chassis 
dynamometer facility, sampling line and sampling 
procedure used for this work are the same as 
those previously described (Ristovski et al., 2005). 
Prior to a chassis dynamometer test, the car was 
conditioned by running it at each test speed for 
about ten minutes. Longer running periods were 
avoided to prevent engine overheating. The 
procedure was next repeated with the vehicle 
using 10% ethanol fuel. Thus, two sets of 
measurements were obtained at each mode with 
each type of fuel. 
 
Readings of carbon dioxide concentrations were 
taken at regular intervals and the mean values 
recorded. The dilution ratio of the exhaust sample 
was calculated as the ratio of the concentration of 
the CO2 in the primary exhaust tube to the 
concentration in the dilution tunnel.  
 
The temperatures were noted at regular intervals 
during each run and the mean values estimated. 
The pressure gauge readings were stored at 
regular intervals and automatically averaged by the 
instrument.  
 
2.2 Sampling and chemical analysis 
Samples were collected on Tenax-TA solid 
absorbent connected to the sampling line at the flow 
rate of 0.1 L min-1. The tubes were subjected to 
thermal desorption for 3 min at 250oC using a Perkin 
Elmer Automated Thermal Desorption (ATD) 400 
thermal desorption unit and then analysed by a 
Varian Air Saturn 3800 Gas Chromatography linked 
to an Air Saturn mass spectrometer. The GC was 
fitted with a VA-5MS 30 m x 0.25 mm x 0.25 mm 
column (splitless injection) and the gas 
chromatography of the injected samples were 
conducted using the following temperature program: 
(1) held at 30oC for 7.5 min,  (2) raised at 4oC/min to 
100oC, (3) raised at 15oC/min to 200oC (held for 5 
mins), (4) raised at 20oC/min to 270oC, and (5) held 
at 270oC for 5.83 min with a total run time of 46 min.  
Where possible, the identity of each compound was 
obtained by comparing its retention time with that of 
an authentic standard sample and by comparing its 
mass spectrum with that contained in a National 
Institute of Standards and Technology library. The 
analyses did not include oxygenated compounds 
such as alcohols, carbonyls and ethers, and this 
should be borne in mind when interpreting the data 
on the ozone forming potential provided. 
3. Results and discussion 
 
As many as twenty-three non-methane 
hydrocarbons were captured by Automatic 
Desorption Tubes containing Tenax-TA as the 
absorbent. The compounds were identified and 
quantified by GC/MS/FID. The resultant values 
were multiplied by the exhaust dilution ratio and 
speed (km h-1), and divided by sampling time and 
flow rates to yield emission factors in g km-1 (Lim 
et al 2005). A comparison of the evaluated 
emission concentrations at different driving modes 
is presented in Figure 1. Because of the number of 
compounds involved (o-xylene, 
isopropylbenezene, 1,2,3-trimethylbenzene, 1,2,4-
trimethylbenzene,1,3,5-trimethylbenzene, 
naphthalene, benzene, ethylbenzene, toluene, m, 
xylene, p-xylene, styrene, isopropylbenzene, 
cylcopentane, methylcyclohexane, n-hexane, n-
heptane, n-octane, n-nonane, n-decane, n-
undecane, n-dodecane, n-tridecane, n-
tetradecane, and n-pentadecane) no attempt was 
made to compare the emission concentrations of 
each compound. Rather the sum of the emission 
concentrations for this suite of compounds was 
compared when the car was powered by ULP and 
10% ethanol fuel.  
 
The concentrations of individual compounds such 
as o-xylene, isopropylbenezene, 1,2,3-
trimethylbenzene, 1,2,4-trimethylbenzene,1,3,5-
trimethylbenzene, naphthalene, styrene, 
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cyclopentane, n-nonane, n-decane, n-undecane, 
n-dodecane, n-tridecane, n-tetradecane, and n-
pentadecane did not vary much when the car was 
powered by ULP and 10% ethanol fuels. By 
contrast, as shown in Table 1, the concentrations 
of benzene, toluene, m-xylene, p-xylene, 
ethylbenzene, methylcyclopentane, n-hexane, n-
heptane, and n-octane generally higher when the 
car was fuelled by ULP than 10% ethanol, and this 
accounted for the differences in the overall 
emissions of the car when it was powered by ULP 
and 10% ethanol fuel.  It is noteworthy that in the 
DEWHA, Orbital/CSIRO report (DEWHA, 
Orbital/CSIRO, 2008) the emission of lower 
concentrations of BTEX (benzene, toluene, 
ethylbenzene and xylenes) was reported when the 
ethanol blend rather than ULP was used.  
 
 
 
 
 
 
Fig 1:  The emission concentrations (in mg/m3) for 
the heavier non-methane hydrocarbons at modes 
2 (60 km/h), 3 (80 km/h) and 5 (0 km/h i.e. idle 
speed) 
 
It is evident from Table 1 as well as Figures 1 and 
2 that the emission concentrations and factors 
were generally higher with ULP than 10% ethanol 
fuel. The total emission concentrations with the 
ULP fuel were 2.8, 4.2 and 2.6 times the 
corresponding values for the 10 % ethanol fuel at 
mode 2, 3 and 5 respectively. Statistical analysis 
was not performed on the measurements since 
only a limited set of results was obtained for the 
different fuels. 
 
Because of the small size of the data used and the 
number of measurements, information derived 
from this paper must be treated with caution. 
Nevertheless the data tends to suggest that lower 
non-methane hydrocarbon emission 
concentrations generally occur when 10% ethanol 
fuel was used in place of unleaded petrol.  
The rate of ozone formation is dependent on the 
levels of VOCs and NOx in the atmosphere. 
Therefore, an attempt was made to gain some 
insight into the comparative ozone forming 
potentials (OFP) of the main compounds emitted 
when both types of fuels were used since it is well 
known that elevated ozone concentrations are also 
associated with the occurrence of haze (Zheng et 
al 2009) 
 
Table 1: The emission concentrations at different 
modes. 
 
Table 2 shows the ozone forming potential (OFP) 
calculated for the main compounds by multiplying 
the emission concentration of each VOC by its 
incremental activity using the scales available in 
Carter, 1994 and 2010.  
 
 
Fig 2: Emission factors for the compounds. 
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To gain a comprehensive picture of the 
comparison, three different OFP scales were used, 
namely: (a) the Maximum Incremental Reactivity 
(MIR) scale, which proposes that ozone forming is 
VOC limited (b) the Maximum Ozone Reactivity 
(MOR) which views ozone formation as NOx 
limited and (c) Equal Benefit Incremental Reactivity 
(EBIR), which is based on the premise that ozone 
forming is equally limited by VOC and NOx.  
 
 
 
 
Table 2: MIR, MOR and EBIR for the emitted 
compounds, where 2, 3 and 5  denote modes 2, 3 
and 5 respectively. 
 
It is evident that in terms of the concentrations and 
ozone forming potentials of the limited number of 
compounds listed in the Tables 1 and 2, the 
exhaust emissions from the ethanol fuel was 
generally more environmentally friendly. However, 
some caution must be exercised since it is also 
well known that the emissions of acetaldehydes 
and formaldehydes are generally higher from 
engines powered by ethanol and other oxygenated 
fuels than from engines powered by fuels such as 
ULP, which are not rich in oxygenated compounds 
(Correa et al, 2003). Indeed, when the potential 
changes from the use of ethanol blends on air 
pollution was modelled with the aid of TAPM-CTM 
(The Air Pollution Model-Chemical Transport 
Model) (DEWHA, Orbital/CSIRO, 2008), the results 
indicated modest increases in peak ozone 
concentrations. Thus the lower exhaust emission 
of VOCs observed when ethanol blend rather than 
unleaded petrol was used, does not imply that the 
use of ethanol blend lead to lower overall ozone 
formation. 
4. Conclusions 
Although VOCs have health and environmental 
effects, the levels of the VOCs reported in this 
work are not currently regulated in Australia. 
However, the outcomes of the investigation 
reported in this paper suggest that increased use 
of 10% ethanol fuel can potentially contribute to 
the reduction of ambient VOCs in urban 
microenvironments.   Further studies are required 
to confirm the initial results reported in the paper. 
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